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I This year the GaAs IC Symposium celebrates its double decade so it is a good time to reassess the present sit- 
uation as regards the place of GaAs in the scheme of things. GaAs electronic devices are only now fulfilling 
the ambitious early forecasts that used to be heard 20 years or so ago, but it is a boom largely created by 
telecommunications rather than computer applications. However, GaAs cannot afford to rest on its laurels 
because more than at any other previous time its position is under threat. There are pretenders to the throne 
and in the current poor business climate there are companies hungry for the sort of profitability that GaAs 
vendors are enjoying. Through bipolar, SiGe and SOl technologies, momentum is building and the silicon 
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amroller could crush GaAs within the next five years. 
nd only to silicon in the 
miconductor  world, GaAs 
enjoyed considerable at- 
tention over the years and now 
seems to have reached its market 
potential; 1998 should see GaAs 
exceeding US$1 billion market val- 
ue for the first time. The total mar- 
ket for these devices is shown in 
Figure 1. Collectively, III-Vs is a 
market now worth  well over a bil- 
lion dollars if you add in opto ap- 
plications. But as far as electronic 
devices are concerned it is current- 
ly around $1.3 billion if you com- 
bine discretes and ICs, and will be 
nearer $2 billion by 2002. 
Forecast optimists 
This forecast should be tempered 
with a degree of caution. Hence, in 
Figure 2 we expand the basic fore- 
cast to take into account increased 
compet i t ion for GaAs in the ICs 
market. Here we show three sce- 
narios - an optimistic one where 
GaAs not only defends its hard- 
won high ground but also captures 
new business, say in automotive 
and optic fibre applications. To 
take the intermediate line, GaAs 
will take some new business but 
lose ground in the lower frequency 
end to the Si-based competit ion, 
which we will discuss here. Third, 
there is a pessimistic view, a sce- 
nario which sees GaAs electronic 
devices losing more heavily to the 
compet i t ion and a schedule slip for 
the debut of mil l imetre wave auto 
sensors and so on. 
If there is one thing that 20 years 
of the GaAs IC Symposium has 
taught us it is that no-one can be 
sure which, if any, of the above sce- 
narios may come to pass. But if 
recent announcements are any indi- 
cator, GaAs has no cause to rest on 
its laurels and may soon find its 
hard-won territory challenged by 
silicon-based alternatives. 
1998 has been a time when 
mainstream vendors are looking 
closely at which sectors are their 
strong suit and have been trying to 
emphasize them while cutting 
back on those that are underper-  
forming. What surprised many, 
however, was yet another high-pro- 
file announcement  from the oldest 
computer  company around, IBM. 
This t ime it was silicon-on- 
insulator (SOI) IC technology and 
comes after equally high profile 
announcements  such as SiGe 
and then a copper  interconnect 
process technology.These are tools 
with which silicon can challenge 
for GaAs' territory. 
One company that might be 
said to be betting on all the horses 
in the race is RF Micro Devices, Inc 
(RFMD), which is expanding its 
multi-year Master Purchase 
Agreement with IBM. RFMD, based 
in Greensboro, NC, USA, is well 
known in GaAs circles but i t  is 
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Figure 1. Geographical breakdown of the market for GaAs devices 1997-2002 (in US$ billion). 
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Figure 2. Three possible scenarios for the GaAs electronic device markets: an optimistic one 
where GaAs not only defends its hard-won high ground but also captures new business; an 
intermediate line, where GaAs will take some new business but lose ground in the lower 
frequency end to the Si-based competition; and a pessimistic view, a scenario which sees  
heavier losses to the competition and a schedule slip for the debut of GaAs millimetre wave 
auto sensors and so on. 
getting its Si technology from IBM 
- IBM abandoned GaAs years ago. 
Moreover, RFMD is pitching for 
success in advanced wireless prod- 
ucts - the new deal allows RFMD 
to "develop and manufacture for 
sale both custom and standard 
RFICs using IBM's advanced 
BiCMOS 5S process". 
It expands the existing relation- 
ship between IBM and RFMD and 
"ensures RFMD's customers the 
most advanced silicon products 
available for wireless markets". In 
turn, it provides IBM with foundry 
business and long-term business. 
RFMD is supplying silicon compo- 
nents using IBM's technology for 14 
different cellular handset models 
currently in production. The prod- 
ucts supplied for these handsets in- 
clude LNA mixers, IF amplifiers, 
modulators and upconverters, as 
well as AGC circuRs. 
The expansion of the relation- 
ship with IBM has significance to 
RFMD's silicon strategy of devot- 
ing approximately one half of its 
development  resources to ex- 
panding silicon business. "Our ex- 
panded relationship with IBM has 
particular significance to our 
overall strategy of diversifying our 
business through innovative sili- 
con products", says William J. 
Pratt, RFMD's Chairman and Chief 
Technical Officer. 
"We believe the process technol- 
ogy covered by this agreement will 
enable RFMD to introduce state-of- 
the-art products to the wireless 
markets in three areas: components 
for cellular handsets, integrated 
transceivers for point-to-point com- 
munication, and general-purpose 
gain block amplifiers." 
An important part of this silicon 
strategy is to provide RFMD's cus- 
tomers with the best cost/perfor- 
mance products using the 
technology best suited for the ap- 
plication. RFMD's strategy is to 
diversify its business through ag- 
gressive development of wireless 
components  using silicon, GaAs 
MESFET, and the company's GaAs 
HBT technologies. 
"We believe that products 
based on silicon technology can 
grow to represent a significant 
part of revenues produced by 
RFMD in the future. We are also 
aggressively investigating all new 
silicon technologies to sustain 
the growth already obtained", 
Pratt says. 
Copper connections 
Last September, IBM was the first to 
announce copper interconnect 
technology to replace the welles- 
tablished, but non-optimal, alumini- 
um interconnect. Subsequently, 
quite a few equipment companies 
have been announcing equipment 
to provide the requisite layers. 
However, this has had a mixed re- 
ception because these companies 
are being asked to push ahead with 
new lines when they were already 
being expected to provide 300 mm 
capable process equipment from 
their labs and into the fabs, seem- 
ingly at all costs. Moreover, it comes 
at a time when money for R&D is 
tighter than ever. Suppliers are bat- 
fling with order slippages from 
chipmakers whose ambitions have 
been curtailed by the memory mar- 
ket crash and problems in the Far 
East. 
Indeed, some industry observers 
question the validity of copper in- 
terconnects: it might suit the main- 
frame computer needs that still 
preoccupy IBM but has less rele- 
vance for PCs let alone mobile 
phones. This caveat is also being 
heard in reactions to IBM's procla- 
mations about SOI.Attractive on the 
surface, copper connect mandates 
non-trivial changes to production 
processes. It used to be that copper 
was anathema in a fab - it still is in 
GaAs circles owing to its rapid diffu- 
sion and device killing ability. So we 
should not hold our breath waiting 
for the copper revolution to boost 
silicon performance - it will likely 
come, but later rather than sooner. 
That said, IBM is putting its money 
where its mouth is, announcing in 
early September that it would begin 
shipping its first copper-based mi- 
croprocessors, including a PowerPC 
740/750 model operating at 400 
MHz for use in both desktop and 
mobile computers. 
The next generation 
The key to 'next-gen' processors 
and other devices will be the de- 
velopment of more advanced tech- 
niques, but always based on silicon 
if possible. So entrenched is this 
tradition that a GaAs solution has 
often been left out of the equation 
when compiling a design. There 
has even been reluctance to take 
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Figure 3. The market's 'sweet spot' for SiGe bipolar and BiCMOS technology lies between 2 
and 20 GHz. (Courtesy of Derek Houghton, SiGe Microsystems.) 
on board the fairly straightforward 
step to SiGe. 
SOl has been around for quite 
a number  of years but could be 
set for a renaissance if such large 
players as IBM get behind it. But 
one has to treat such announce- 
ments with some scept ic ism and 
ponder  the underlying rationale 
of such announcements  e pecial ly 
when they are replete with 
promises that SOl will enable low 
power  mobi le phones,  personal  
digital assistants, etc. For many 
years, SOl and its ilk were moot- 
ed, just like GaAs in fact, as the 
'next big thing'. Instead, this use- 
ful material system has had to be 
content  with a support ing role 
and one that has only slowly ex- 
panded. For many, SOI is still a mil- 
i tary/aerospace material finding 
uses in adverse environments 
where  CMOS and bipolar devices 
have neither the ability to with- 
stand radiation-induced upsets or 
the low power  needed. 
An appropriate xample of an 
application for SOI is the new range 
of industrial pressure transducers 
from Kulite Semiconductor 
Products (Leonia, NJ, USA). This is 
based on its in-house developed SOI 
technology which virtually elimi- 
nates the hysteresis which causes 
problems for earlier types of sensor. 
The latest transducer will measure 
pressures in nonconductive, noncor- 
rosive fluids at temperatures up to 
400°C. Kulite is the largest supplier 
of pressure transducers to the air- 
craft industry so it is likely to 1had 
use in jet engines, etc. 
SOl smokescreening 
The main threat to GaAs comes 
less f rom computer  companies  
such as IBM and more f rom small- 
er companies  like San Diego- 
based Peregrine Semiconductors  
whose  products  are aimed at RF 
appl ications rather than main- 
frame computers .  Recently, 
Peregrine Semiconductor  an- 
nounced its 'Customer  Owned 
Tooling' (COT)/Foundry pro- 
gramme. Said to be ideal for de- 
signing low-power, high-speed, 
cost-effective RF products,  its 
Ultra-Thin-Silicon (UTSi) process 
offers a super ior  insulating sub- 
strate, which allows for high quali- 
ty passives, highly linear 
transistors and excel lent isolation. 
Hence, different RF circuits like 
microwave,  analog and digital 
functions can be combined  onto 
one chip. UTSi is also claimed to 
offer cost savings over traditional 
high-speed processes,  such as 
bipolar, GaAs and other  SO1 
technologies. 
Peregrine Semiconductor Corp, 
an eight-year-old, privately held 
company, was the first in the world 
to manufacture commercial  SOP 
based technology. The company 
began shipping the 1100 MHz 
PE3282A into the high-volume 
consumer wireless market in June 
last year. Peregrine has refined the 
UTSi process to offer designers of 
RF ICs the first commercial ly avail- 
able, qualified process technology 
that incorporates a dielectric, syn- 
thetic sapphire substrate in com- 
mercial volumes at a low cost. 
Peregrine also announced sam- 
ples of its newest offering, the 
PE3292 PLL, which gives design 
engineers the enhanced perfor- 
mance and flexibility required to 
create competit ive new wireless 
products.The lowest power  1 GHz 
solution currently available in the 
marketplace, the PE3292, is a 
1.2 GHz/550 MHz device designed 
to efficiently address high-perfor- 
mance frequency synthesis re- 
quirements. The PE3292 integrates 
a prescaler powered by 1 volt, 
dramatically reducing the critical 
power  consumption /'actor for de- 
signs such as cellular handsets, 
one- and two-way pagers, ISM band 
wireless products, and other wire- 
less comms devices. 
Peregrine then topped IBM 
with its announcement  of plans to 
expand its SOI class RF product  
line to include 1900 MHz RF chips 
in the spring of 1999. Peregrine 
sees similarities between its SOI 
and IBM's technology. "These are 
different members  of the same 
technology family. Ours and IBM's 
recent announcement  demon- 
strate that SO1 not only offers 
tremendous peed and power  im- 
provements,  but that it is a com- 
mercially viable technology that 
will define the future of both the 
RF and digital logic industries", the 
company says. 
Peregrine uses a pure synthetic 
sapphire insulator rather than the 
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thin silicon dioxide layer that IBM 
uses. Sapphire is a better insulator, 
well-suited for RF wireless satellite 
communications and low-power 
markets. "The commercial viability 
of SOI has become a practical reali- 
ty, and a new era in smaller, more 
affordable wireless communica- 
tions has begun". 
IBM moves up SiGe 
Another IBM thrust that may turn 
out to hit GaAs harder than the cop- 
per interconnect or SOI is its SiGe 
technology, which we have covered 
previously in these pages.The origi- 
nator of the SiGe renaissance, IBM 
says it has begun the industry's first 
large-scale production of SiGe IC. 
Moreover, the application it is aim- 
ing at is telecoms, which cannot be 
good news for CaaAs. 
IBM has signed up some fairly 
heavyweight initial customers for 
its SiGe products, which are 
presently being produced 'in large 
quantities' at an updated plant in 
Burlington, Vermont, USA. These 
are: Hughes Electronics, Harris 
Semiconductor, National Semicon- 
ductor, Northern Telecom and 
Tektronix - all of whom have li- 
censed IBM's SiGe technology for 
their own in-house devices. IBM 
claims around two dozen other un- 
named customers too. 
IBM's SiGe champion is Bernie 
Meyerson who has gone on record 
saying that IBM wants its SiGe to 
be the best RF technology and is 
now setting its sights even higher. 
"We are in development with a 
process to build all key passive ele- 
ments on top of a thick polyimide 
layer, far above the silicon sub- 
strate. Using this process we have 
demonstrated transmission lines 
with losses of less than 1.5 dB.cm 1 
measured out to 20 GHz.This value 
is comparable to III-V technolo- 
gies and is an order of magnitude 
better than conventional silicon", 
Meyerson says. 
IBM's SiGe is said to promise the 
prospect of "complete RF systems 
on a chip by offering on-chip induc- 
tors and two types of capacitors", 
even though some industry ob- 
servers question the ability of what 
is essentially a conducting substrate 
to achieve the requisite high levels 
of semi-insulating properties that 
are the forte of GaAs. IBM is work- 
ing on solving this problem. 
Meanwhile, Applied Micro 
Circuits Corp (AMCC) of San Diego 
is backing IBM's SiGe saying that it 
intends to accelerate development 
of 10 Gb.s -1 SONET products after 
announcing a long-term licensing 
agreement with IBM Corp to use 
SiGe BiCMOS processes and design 
libraries. The first optical network- 
ing products based on the SiGe 
technology will be introduced by 
AMCC next year for the OC-192 
standard. AMCC's pact with IBM 
gives it access to current and fu- 
ture generations of the SiGe 
BiCMOS processes and libraries. 
"This agreement with IBM rein- 
forces our vision that silicon-based 
technologies will dominate the fi- 
bre optic network at all speed 
grades", says Dave Rickey, presi- 
dent and CEO at AMCC. 
IBM Microelectronics sees SiGe 
technology taking hold in a wide 
range of applications, says Ron 
Soicher, VP of IBM's Analog & 
Mixed Signal Development: 
"Working with AMCC, a key player 
in high-bandwidth connectivity for 
the telecoms market, gives us the 
opportunity to demonstrate the 
benefits of SiGe technology in an 
important piece of the network in- 
frastructure.This is yet another tes- 
tament to the cost-effectiveness 
and manufacturability of this 
technology." 
AMCC says the SiGe technology 
has reached fmal manufacturing 
and testing qualification in IBM's 
Burlington facility, making a prod- 
uct launch next year possible. The 
SiGe BiCMOS process adds 65 GHz 
HBTs to a standard 0.4 ~m CMOS 
formula. While the technology is 
high performance, IBM says the 
SiGe BiCMOS also provides low 
power  and integration capability 
(Figure 3). 
The last word on SiGe should 
go to Bernie Meyerson: "The SiGe 
HBT also offers great advantages at 
the lower frequencies (e.g. 1.8 or 
2.4 GHz) of today's hottest wire- 
less applications. The tremendous 
headroom in speed may be traded 
for very low power." If this does in 
fact come to pass then it presents a
very real threat to GaAs and will 
likely be a contr ibutory factor in 
the more pessimistic forecasts 
shown above. 
We reported last year on 
Ottawa, Canada, based SiGe 
Microsystems Inc (SGMI), which 
continues to play a vital role as the 
world's first, and only, merchant 
provider of SiGe epiwafers. "Early 
circuit results have been spectacu- 
larly successful illustrating the 
potency of our SiGe technology 
when combined with a fab part- 
ner's BiCMOS process", says 
SGMI's Derek Houghton. 
"Our first demonstration prod- 
ucts will be available for selected 
customer sampling in November/ 
December this year. We expect to 
have a cell library in SiGe BiCMOS 
by the end of the first quarter of 
1999 as an entry point to a yet-to- 
be-announced line of products" 
For high volume production, 
SGMI is currently negotiating 
strategic alliances with several 
bipolar and BiCMOS fabs in 
Europe, the Far East and the USA to 
provide SiGe foundry access for 
SGMI's products. "A handful of 
bipolar IC companies have li- 
censed our SiGe HBT technology 
to bring in-house their own SiGe 
epi base process. One customer al- 
ready has a qualified SiGe-en- 
hanced process in production," 
says Houghton. 
"We are amazed at the sudden 
and intense interest in silicon-ger- 
manium and SiGe Microsystems in 
particular that seems to be sweep- 
ing the industry. Companies who 
wouldn't  talk to us before are now 
pounding on our door with signed 
non-disclosure agreements in 
hand.., and it's the business devel- 
opment  people who come here 
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first, not the process engineers," 
Houghton adds. 
"At the moment, we have some 
excess processing capacity, but we 
are concerned that even with our 
planned expansion at the end of the 
first quarter of 1999, demand will 
quickly outstrip our ability to re- 
spond". That expansion will see an 
8-inch UHVCVD tool added to the 
current 6-inch capability early in 
1999. Funding for this expansion 
will come from an imminent first 
tranche of a round of financing of 
$3 million from a consortium of 
corporate and institutional in- 
vestors. 
SiGe Microsystems is presently 
adding to its design team to meet 
the market needs for high-speed 
digital and RF SiGe-cnhanced ICs. 
"We have eight IC designers and en- 
gineers at present and have plans to 
double that by the end of 1998.To 
augment the team SGMI expects to 
hire a VP of Marketing/Sales with 
over a decade of experience in 
RF/wireless/microwave sales and 
distribution". 
Patient progress 
So there you have it: a topical 
roundup of various matters al- 
ready affecting the market posi- 
tion of GaAs ICs and those that 
may affect it in the future. Our 
prediction as to a rosy future for 
GaAs electronic devices will likely 
come to pass because five years 
really is not very long even in the 
semiconductor  industry. But the 
lower frequencies are already be- 
ing eroded by tweaked perfor- 
mance silicon. 
As the silicon steamroller 
squeezes GaAs out of the lower 
frequencies, GaAs has to move up 
into the millimetre wave range to 
fulfil the needs of a sizeable range 
of specialist roles particularly in 
automotive applications. In the 
worst case, what might later be- 
come known as the 'Glory Days' 
(of wireless and mobile phones), 
may never be regained because 
the automotive lectronics ector 
is notorious for its price sensitivi- 
ty. This will be a different market- 
place from that of mobile phones 
where it's not so much the value 
of the phone that matters as the 
service contracts that go with it. 
Tradition will mean that the auto- 
motive market will not be an easy 
one to establish and grow to make 
up for ground lost to silicon. But 
in the 20 years since the first 
GaAs IC Symposium, if the indus- 
try players have learned anything 
it is patience. Nevertheless, it pays 
not to be complacent and the 
growing threat to the throne will 
have to be fought against at all 
costs - we therefore look forward 
to some exciting product  an- 
nouncements  at this year's 
Symposium in Atlanta. 
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